Generic Advantages of Permanent Magnets
Before describing some specific devices, it is useful to discuss the general circumstances under which the use of permanent magnets (PM) is indicated, and what the preferable PM materials are.
When one scales an electromagnet in all dimensions while keeping the magnetic field at equivalent locations fixed, it is easy to see that the current density in the coils scales inversely proportional to the linear dimensions L of the magnet. Since superconductors have an upper limit for the current density j that can be carried, and dissipative coils have an upper limit for j due to the need to remove the dissipated power, j needs to be reduced below that prescribed by simple scaling when L reaches a certain small value that depends, of course, on many details of the magnet design. When j is reduced, the field in a magnet that does not use iron obviously is also reduced, even if the total Ampere turns are maintained by increasing the coil size. The same is also true for a magnet using iron, since an increase of the coil size invariably leads to a field reduction due to increased saturation of the iron. PM, on the other hand, can be scaled to any size without any loss in field strength. From this follows that when it is necessary that a magnetically significant dimension of a magnet is very small, a permanent magnet will always produce higher fields than an electromagnet. This means that with permanent magnets one can reach regions of parameter space that are not accessible with any other technology. The critical size below which the PM out-performs the electromagnet depends of course on a great many details of both the desired field strength and configuration as well as the properties of the readily available PM
'.i materials. In the region of the parameter space that is accessible to both technologies, the choice of one technology over the other will be made on the grounds of cost or convenience, (main specifics: power supplies, power needed to run the system, equipment associated with cooling) and in this arena permanent magnet systems are often also prefeL·able, but less so the larger the smallest magnetically relevant dimension becomes.
Magnetic Properties of Some PM Materials
All PM described below use anisotropic material whose magnetic properties are adequately described by
In these equations, " and .l.. refer to the direction parallel and perpendicular to the preferred direction of the material, the so-called easy axis. Depending on the application, it is necessary that eq. (1) It is easy to show that the magnetic field produced by a uniformly magnetized block of PM material with the above described properties is, in very good approximation, the same as the field produced by either currents or charges on the surface of the block. For that reason, we refer to this class of material to current sheet equivalent material or charge sheet equivalent material (CSEM).
Magnetic lenses and related magnets for high energy accelerators and storage rings
Most accelerator magnets are considerably longer than the radius of their useful field aperture. For that as well as some more sophisticated reasons, the properties of most interest are the two dimensional (20) aspects of the magnetic fields produced by these magnets, and we will discuss only these aspects here.
Nearly all accelerator magnets are multipole magnets whose 20 fields can be derived from a scalar potential of the form n V = Const. r cos (n,); n = integer.
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Among these magnets, those with n = 2 (quadrupoles) are used most often, closely followed by those with n = 1. Corrective magnets with n = 3; 4 are also used, but in much smaller numbers.
To design an iron-less magnet that produces a potential according to eq. Fig. 1 ) a reasonable question.
The answer to that question (see ref (1)) is a(r,fJ) = (n + 1)fJ (4) Unfortunately, it would be exceedingly difficult to make material according. to that prescription, but the next best thing, namely approximating eq. (4) by segmentation, gives nearly the same performance. A very effective method to obtain spontaneous or stimulated r.<l 1 electromagnetic radiation from high energy electrons is to expose them to strong static magnetic fields that alternate (spatially) rapidly. 
Here, as with the pure CSEM U/W, 30 effects have to be taken into account and co~rected to actually get the performance given by (7).
These procedures have been developed, but not published yet. 2) Pure CSEM Segmented Quadi"Upole.
3) Adjustable Strength Hybrid Quadi"Upole. .. 
